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HISTOCHEMICAL STUDIES ON DIFFERENTIATION IN THE CELLULAR SLIME
MOLDS. By John T. Bonner, Department of Biology, Princeton University.
The life history of Dictyostelium discoideum can be depicted as follows:
the germination of a spore gives rise to an amoeba which may continue re-
producing by binary fission for two days. Thereafter, from 1000 to 100,000
individuals aggregate to form a sausage-shaped organism almost 1 mm. in
length which may migrate for as many as twenty days. The stimulus for
aggregation appears to be a chemical product of the cells, acresin. Migration
is succeeded by the production of a vertical stalk and the formation of a
fruiting body. It has been shown that the spore cases are formed by the
posterior group of cells of the "sausage," while those anterior grow through
the center of the organism to form the vertical stalk.
No differences between the anterior and posterior cells are apparent
until the migratory stage. At this time, hematoxylin reveals dark granules
in the presumptive spore cells, which the others lack. Nile blue sulfate be-
comes differentially distributed, too, and alkaline phosphatase activity is
higher anteriorly, with the maximum occurring in the region of presump-
tive stalk cells at a time when stalk formation has begun. These presump-
tive cells are aligned on either side of the growing stalk and are presumed to
produce its cellulose covering. Upon depletion of their polysaccharides,
these cells become part of the incipient stalk.
Division of the sausages into anterior and posterior halves, all transitional
material being removed, leads to the differentiation of two normal indi-
viduals. Thus, differentiation of anterior and posterior cells appears not to
be irreversible at this stage.
Other species of slime molds are radically different. D. mucoroides is
without a migrating stage, while P. violaceum forms a branched stalk, each
branch bearing spores. In the former, presumptive stalk and spore cells are
represented by a gradient rather than as two distinct zones, while in the
latter there appears to be no distinct morphological difference between the
two cells at all. It may be that this species represents a more elaborate form,
due to the cells remaining embryonic or undifferentiated until the last
minute in development. Thus, species-differences may be ascribed to
differences in the timing of developmental events.
P. K.
CARDIOVASCULAR STUDY UNIT
March 7, 1955
SOME ASPECTS OF THE PULMONARY CIRCULATION IN MAN. By Alfred
P. Fishman, Chest Service, Columbia University Division, Bellevue Hos-
pital, New York, New York.
The primary concerns in the work reported are the capacity of the
pulmonary circulation to regulate itself, and the mechanisms by which this
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is accomplished. The observations were made on comfortably resting, fully
conscious human patients. The techniques included arterial punctures,
cardiac catheterization, and spirometry.
Previous animal work has shown increases in pulmonary artery pressure
(with steady left auricular pressure) due to both increased C02 and de-
creased 02 partial pressures in the blood. The present work, including 27
subjects, indicates that in normal subjects, a low C02 blood tension leads
to an increase in systemic pressure, with no change in pulmonary artery
pressure or cardiac output. In a number of subjects with chronic emphysema
there was greater variation in the results, some showing increases in both
pulmonary artery pressure and cardiac output. Subjects with chronic silico-
tuberculosis showed marked increases in pulmonary artery pressure and
cardiac output. The conclusions can be drawn that there are no increases in
pulmonary artery pressure without concomitant increases in cardiac out-
put, and that with a restricted vascular bed (silico-tuberculosis) there will
be increased pulmonary pressure and cardiac output.
Experiments designed to test the accuracy of the estimation of cardiac out-
put show that calculations made by the direct Fick method five minutes
following the beginning of low 02 breathing are inaccurate in that the
organism is not in a steady state, as indicated by the fact that the RQ is
still rising at that time. By the end of 17 minutes both the RQ and the
cardiac output have stabilized, and the cardiac output is shown to be in-
creased on low 02 breathing, whereas the measurements at the end of five
minutes in the unstable state had shown a decreased cardiac output.
Eight subjects with decreased 02 blood tension consistently showed in-
creased pulmonary artery pressures and increased cardiac output. There-
fore the question arises as to whether the increase in cardiac output can
account for the increase in pulmonary pressure. In experiments designed to
test this hypothesis, it was found that in the normal individual an increase
in cardiac output does not significantly increase the pulmonary artery pres-
sure. In patients with pneumonectomy or chronic silico-tuberculosis, the
increased cardiac output does lead to significant increase in pulmonary
pressure. In addition it was shown that in cases where exercise increased
both cardiac output and pulmonary artery pressure, hypoxia also increased
the cardiac output and with a relatively greater increase in pulmonary
artery pressure. Therefore, it can be concluded that the cardiac output is
not the only factor involved in increasing the pulmonary artery pressure.
Evidence from pre- and post-sympathectomy did not indicate that the
sympathetic nervous system was involved. Experimentation did not show
that either epinephrine or histamine was involved in increasing the pul-
monary artery pressure. Another possibility is that local hypoxia might be a
factor causing a local vasoconstriction in the hypoxic lung. An experiment
was then devised whereby it was determined that with one lung getting 02
to saturation and the other lung getting low 02 (by differential broncho-
spirometry), there was no shift in the volume of blood carried by either
lung, therefore no change in the vascular resistance in the hypoxic lung.
Decreased 02 in both lungs, however, gave definite increases in both
cardiac output and pulmonary artery pressure. Therefore, it can be con-
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cluded that in its mechanism of action, hypoxia leads to decreased arterial
saturation, thereby leading to increased cardiac output, and thus to increased
pulmonary pressure.
The conclusion from all the evidence is that the cardiac output contributes
to the increase in pulmonary pressure but cannot account for all of it.
Neither neurogenic nor local vascular responses (to hypoxia) appear to be
involved in the experiments reported.
Other factors that may possibly be involved in the genesis of the in-
creased pulmonary artery pressures in anoxia include: (1) volume elas-
ticity characteristics of the pulmonary arterial tree, (2) static and dynamic
blood volume changes, (3) ventilatory variations, (4) effects of extra-
vascular and intrapulmonary structures on volume elasticity characteristics
of pulmonary vessels, (5) vasomotor control, (6) communications between
systemic and pulmonary circulation.
P. B.
YALE MEDICAL SOCIETY
March 14, 1955
RENAL FAILURE AFTER SHOCK. By Mark A. Hayes, Department of
Surgery.
The use of comparatively simple renal function tests may give evidence
of functional kidney impairment following periods of shock, even though
oliguria or other clinical signs of acute renal failure are absent. Twelve of
a consecutive series of 21 post-shock patients showed no impairment of
either glomerular filtration, as approximated by urea clearance, or tubular
function, as measured by the Fishberg concentration test. The remaining
nine who did show impairment had exhibited systolic pressures lower than
two-thirds of their post-operative recovery pressures for over one hour
during the course of the shock period. Indeed, the time required for return
to normal appears proportional to the length of time in shock, and roughly
proportional to the severity of renal damage, as measured by the im-
mediate post-shock urea clearance. Both tests show approximately the same
range of 24-295 days before normal values return. Use of these simple
tests may prove significant in evaluation of operative risk in patients who are
scheduled for several consecutive operative procedures.
R. I. B.
THE EFFECT OF ADRENAL CORTICAL HORMONES ON THE CARBOHYDRATE
METABOLISM OF THE LIVER. By C. N. H. Long, W. W. Winternitz and R.
Dintzis, Department of Physiology.
In spite of their widespread use in clinical medicine very little is known
of the nature of the action of the adrenal cortical hormones, except that the
therapeutic effects are associated with their ability to increase the liver
glycogen content and accelerate the catabolism of tissue proteins. In regard
to this gluconeogenetic effect it is an unsettled question whether this is a
consequence of an accelerated tissue protein catabolism which results in the
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presentation to the liver of an increased quantity of glycogen precursors, or
whether it represents a primary effect of these hormones on some phase of
carbohydrate metabolism in the liver itself.
The present studies have been of two kinds. In the first the capacity of
the liver of fasted normal, adrenalectomized, and adrenalectomized rats
pretreated with hydrocortisone to form liver glycogen from several sub-
stances known to be glycogen precursors has been tested. This was done by
the intravenous infusion over a 1X2 hour period of standard quantities
(80-100 mgs. per 100 g. of rat an hour) of glucose, fructose, glycerol,
lactate, and malate. In all cases the proportion of substrate converted into
liver glycogen was much less in adrenalectomized as compared to normal
rats, being reduced to 42 per cent of normal for glucose, 46 per cent for
fructose, 20 per cent for glycerol, 6 per cent for lactate, and zero per cent
for malate. Pretreatment with hydrocortisone restored glycogen formation
to normal although it did not do so entirely in the case of glycerol and
lactate.
Since there was no evidence of any failure to convert these substrates to
phosphorylated intermediaries such as glucose 6-phosphate, nor of any dif-
ficulty in removing them from the body fluids, it is concluded that in
adrenalectomized rats a larger proportion of these substrates is utilized
over some other pathway than that resulting in liver glycogen formation.
In the second series of experiments the liver of normal and adrenalec-
tomized rats was presented with the necessity of utilizing an increased
quantity of lactate consequent upon the subcutaneous injection of epineph-
rine. This agent increases glycogenolysis both in liver and muscles, the
product in the latter being lactate, which is normally converted by the
liver to glycogen and glucose (the Cori cycle).
There are striking differences in the response of normal and adrenalec-
tomized rats to epinephrine. The fasted adrenalectomized rat, although it
develops an equal degree of hyperglycemia, fails to deposit any significant
quantity of liver glycogen. Furthermore, since the loss of muscle glycogen
is nearly twice as great, there exists an unaccounted-for deficit in the
carbohydrate balance which is some 100 mgs. per 100 g. of fat greater
than is found in normal rats either one, four, or eight hours after epi-
nephrine injection. This is not due to any failure to remove lactate from the
blood and represents the diversion over some at present unknown metabolic
pathway of a very considerable proportion of the muscle glycogen mobilized
by the action of epinephrine.
Treatment of adrenalectomized animals with adrenal cortical extract
brings about a normal response to epinephrine in which muscle glycogen
loss is nearly balanced (four hours after injection) by the increase in liver
glycogen and the accumulation ofglucose in thebody fluids.
This difference in response is not due to the increased insulin sensitivity
of the adrenalectomized animals since adrenalectomized-diabetic rats show
the same unaccounted-for loss of muscle glycogen when compared with
diabetic rats. Nor is it due to an increased sensitivity of the muscle glycogen
of adrenalectomized animals since the loss of muscle glycogen after epi-
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nephrine injection is the same in eviscerated adrenal demedullated animals
as it is in eviscerated and totally adrenalectomized rats.
It is concluded that adrenal cortical steroids of the type of cortisone and
hydrocortisone have a primary effect on some phase of carbohydrate
metabolism in the liver of a kind so that in their absence a large proportion
of carbohydrate precursors which normally accumulate as glycogen and
blood glucose are metabolized over some other pathway. This is equivalent
to saying that access to these alternate pathways is regulated by these
hormones. At the moment there is no definite evidence what these pathways
may be nor do the present experiments exclude the possibility that these
adrenal steroids have additional effects on tissues other than the liver.
M. M. L.
PHI DELTA EPSILON ANNUAL LECTURE
March 21, 1955
MANAGEMENT OF CONGESTIVE FAILURES. By Harry Gold, Professor of
Clinical Pharmacology, Cornell University Medical College, New York,
New York.
During congestive failure a factor of renal origin gives rise to a metabolic
disarrangement of salt and water balance which assumes an autonomous
character and remains independent of cardiac directed therapy.
In the past, congestive failure was thought solely to be a state of myo-
cardial weakness. Recently, emphasis has been placed upon the phenomenon
of fluid retention. Although restoration of cardiac efficiency may be the
ultimate goal, proper treatment requires that we think in terms of a
hyperhydrated patient.
A study which was conducted at the New York Hospital over a ten-year
period and involving 500 patients employed the principles of effective
digitalization and vigorous diuresis to the point at which the patient reached
the so-called "dry" weight stage. In order to maintain proper fluid and
calorie intake, patients on admission were placed on diets of milk and water,
given alternately at hourly intervals and totaling 2500 to 3000 cc. per day.
Concurrently digitalization was instituted along with a flexible regimen of
organic mercurial diuretics.
It was observed that in 90 per cent of the cases receiving this initial
treatment weight decline began within a short period of time, as excess
fluids were excreted. Improvement in symptomatology paralleled weight
loss. When treatment was continued, the body weight was found to reach
a stationary level. At this point the diet was liberalized and a low salt in-
take (3-4 gms. per day) was maintained. Diuretic agents were continued,
but the intervals between administration were increased. Although the
treatment involved large initial doses of organic mercurials, no renal irrita-
tion was encountered, nor did any electrolyte disturbances arise which
would force a modification of the scheme of treatment. This also applied to
patients in uremia. The sole determinant for instituting the technique of
therapy was the existence of congestive heart failure.
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Although results obtained from this investigation are encouraging, it
must be emphasized that the long-term success of this plan of treatment
depends upon the strict co-operation of the patient.
R. H. F.
PLANT SCIENCE SEMINAR
March 22, 1955
GENETIC STUDIES USING CHLAMYDOMONAS REINHARDI. By William
Ebersold, Dartmouth College.
Genetic data from the single celled algae have been accumulating since
the controversial work of Moewus on Chlamnydomonas eugametos was pub-
lished over twenty years ago. Because of the fact that Moewus' cultures
were not available, work on Chliamydomonas reinhardi, an alga with a life
cycle of twelve to fourteen days, was begun. This alga is heterothallic,
showing a one-to-one segregation for sex ratio, and in addition has the
ability to grow in the dark on acetate-enriched medium.
Mutations were induced in plated cells by ultra-violet radiation, and the
cultures were grown on minimal medium in the dark to prevent photo-
reactivation. They were then screened out by checking individual colonies
or by using Lederberg's replica-plate technique. In addition to morpho-
logical mutants and streptomycin resistance, ten mutants involving growth
factors were observed. These included requirements for nicotinic acid
(whose actions followed the biochemical scheme of Neurospora), arginine,
thiamine, para-amino benzoic acid, folic acid, and acetate. All of these
mutants showed one-to-one segregation when crossed to the wild type and
could be placed in two linkage groups.
Two ultra-violet-induced mutations were used to investigate Moewus'
claim for crossing-over in the two-strand stage of meiosis. Experiments
involving an arginine-requiring strain and a pale green strain showed
crossing-over to be limited to the four-strand stage at both 50 and 250 C.
Moewus also reported that a high salt concentration favored crossing-over
at the two-strand stage in Botrydium. Results from experiments with C.
reinhardi in nine-hundredths per cent sodium chloride may be interpreted
as indicating either crossing-over at the two-strand stage or as chromatid
interference. No definite statement can as yet be made.
RALPH HILLMAN
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STUDIES ON CERTAIN DIGESTIVE PROPERTIES IN INSECTS. By Thomas
Eisner, Biological Laboratories, Harvard University, Cambridge, Massa-
chusetts.
In the course of evolution four main ways of increasing extracellular
digestive capacity have originated. The first three, increase in length, in
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diameter, and in folding of the digestive tract, all serve to enlarge the total
surface area. The fourth way involves a different principle. A large meal is
obtained and stored, and the subsequent rate at which this food is allowed
to pass through a small-surfaced digestive tube is controlled. In insects, the
gut is divided into three regions: the foregut, the midgut, and the hindgut.
The first and last arise embryonically as anterior and posterior ectodermal
invaginations, whereas the midgut is formed from endoderm and serves as
the principal area of digestion and absorption. The hindgut serves mainly
as a water absorber. A large part of the foregut, the crop, is a storage organ.
Does the crop in the cockroach Periplaneta function only in storage or is
it also capable of food digestion and absorption? It has been thought for a
long time that perhaps some carbohydrate digestion and absorption is pos-
sible as a result of salivary enzymes carried into the crop with the ingested
food, but the report by Petrunkevitch about fifty years ago that the crop
epithelial cells contained osmophilic granules was not considered evidence
for fat digestion in this organ. It was thought that the crop produced no
lipase, and the possibility that lipase secreted in the midgut could pass an-
teriorly, thereby producing lipase activity, was precluded by the assumption
that the proventriculus, at the junction of the foregut and midgut, served
as an effective one-way valve. The presence of osmophilic granules in the
crop epithelium, it was said, was due to fat distribution following digestion
and absorption in the midgut. Sanford, however, by ligating the posterior
end of the crop, showed that fat granules appeared only in the epithelial
cells anterior to the ligature. Therefore, the crop is capable of absorbing fat.
Beautiful histological preparations indicated that the assumed one-way
valve function of the proventriculus had no morphological basis. Thus three
possibilities arose: either the crop secreted its own lipase, or the enzyme
migrated anteriorly to the crop through the proventriculus, or fat was
absorbed directly without digestion. Utilization of Gomori's histochemical
procedure showed that lipase activity was present in the foregut, but that
lipase secretion was limited to the midgut. Experimental evidence showed
that lipase activity is maximum at a pH of approximately 8 and very low at
pH5. Surprisingly, the crop has the latter pH value, so fat which is ab-
sorbed in this organ is nearly all undigested. Experimentally, the roach is
most accommodating, for after each moult the crop epithelial cells are free
from fat granules. Experiments carried out just after moulting showed that
the crop epithelial cells incorporated oleic acid after two hours, light min-
eral oil after six hours, and heavy mineral oil only after five days. The two
latter findings showed that there is a direct relationship between the rate of
incorporation and the degree of oil viscosity. However, when oleic acid was
mixed with heavy mineral oil, the time of absorption was once again short:
only two to four hours. The presence of fatty acid in the crop thus greatly
increases the rate of fat absorption. Even though the crop does not secrete
lipase, the presence of the enzyme in this organ facilitates absorption of
viscous fats by producing small amounts of fatty acid.
Finally, no fat granules were observed in the epithelial cells of the hind
gut.
LINCOLN P. BROWER
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